Objective: To analyze the relationship between age, body mass index (BMI), bone mineral density (BMD), and alveolar bone resorption with menopause duration in postmenopausal women. Material and Methods: A cross-sectional study was developed involving 59 subjects, aged 45 to 80 years and categorized the duration of menopause as ≤5 years and >5 years. Body mass index measurement and menopause duration were collected. Bone loss seen on radiography was measured by drawing a vertical line from the cementoenamel in the distal part of the 36 teeth and the mesial portion of 46 teeth to the base of the bone marked by the lamina dura intact. Categorical determinations of age, BMI, BMD, and alveolar bone resorption were based on receiver operating characteristic (ROC) curves. Were used Pearson correlation and Spearman correlation tests with the significance level set at 5%. Results: The majority of subjects (54.2%) with menopause duration >5 years were aged >54.5 years, most had BMI >24.2 kg/m 2 (39%), had bone resorption >2.95 mm (52.5%), and had bone density ≤73.89 (49.2%). Pearson and Spearman correlation tests showed no significant correlation between age, BMI, bone density, and alveolar bone resorption (p>0.05). Conclusion: The longer the duration of menopause showed a tendency for lower bone density and higher age, BMI, and bone resorption.
Introduction
Menopause is a phase of a woman's natural life that signifies the end of the menstrual cycle.
It is diagnosed after a woman has not had a menstrual period for 12 months. The average natural menopause occurs at age 51.4 years in developed countries such as the United States and the U.K. but generally occurs between the ages of 40 and 58 years [1] .
A woman's reproductive capacity stops at the time of menopause. The ovaries no longer have follicles and their function, as a steroidogenic endocrine organ does not work anymore. Many women experience symptoms and complaints due to these hormonal changes. Although it does not cause death, menopause can decrease quality of life and lead to degenerative diseases especially bone loss or osteoporosis [2] .
Osteoporosis is characterized by bone mineral density (BMD), thus increasing bone fragility and fracture risk. Postmenopausal osteoporosis results from the estradiol hormone in the follicle.
Estradiol is a type of estrogen that assists osteoblasts, suppresses cytokines, and inhibits osteoclast activity. Estradiol decreases during menopause; therefore, its work is replaced by another type of estrogen that can be produced by adipose tissue. But the mechanism of action of estrone is not like estradiol (ratio of estradiol:estrone = 10:5). The longer the duration of menopause, the more estradiol function decreases, which causes osteoclasts to become active in bone resorption [3] .
Estrogen is not only produced by the ovaries but also in the adrenal glands and fat tissues (adipose tissue). Fatty tissue can convert androgen hormones into estrogen. The amount of fat tissue a woman has correlates with the amount of estrogen produced [4, 5] . Body mass index (BMI) is an inexpensive and simple method for assessing an individual's nutritional status but it does not directly measure body fat. Measurements and assessments using BMI are associated with deficiency and excess nutritional status [6] .
BMI is a mathematical formula expressed as weight (in kilograms) divided by the square of height (in meters). Based on the range value, BMI is divided into 3 categories: underweight (BMI ≤18.4), normal (BMI = 18.5-25), and overweight (BMI ≥25.1). This formula can only be applied to an individual with normal spinal structures, hence it is not appropriate to use in athletes or bodybuilders or pregnant or breastfeeding women [7] .
It has been suggested that long menopause duration and BMI are directly related to BMD [8] . Low BMI is associated with low peak bone mass and high loss of bone mass [9] . However, BMI is not a good predictor of BMD [10] . Other studies have also shown that the effect of weight on bone mass is greater on the body parts supporting the weight, e.g., in the femur or tibia bone. It was reported that decreased fat mass resulted in decreased steroid hormone levels, which resulted in decreased BMD. Many of these opinions indicate that the relationship of BMI to bone density and menopause duration is still much debated [11] .
Bone is a living tissue continuously undergoing formation and resorption due to mechanical response and hormonal changes. The process of bone formation is very active in young adults aged approximately 20 years and far beyond the process of bone resorption. Both processes are similarly active between the ages of 20 and 40 years, while the resorption process is more active than the bone formation process at age >40 years; accordingly, bone mass becomes smaller. After peak bone mass between the ages of 25 and 35 years, bones shrink from 0.3% to 0.5% per year [12, 13] .
Bone mass is lower in women, and loss of bone mass occurs earlier in women than in men, thus women aged >45 years have an increased risk for fractures. Loss of bone mass due to estrogen deficiency occurs first in spongiosa while shrinkage does not occur in trabecular bone. Deterioration of bone mass is caused by an imbalance between bone resorption and bone formation [14] .
Previous research suggests a significant relationship between cortical bone density of gonion and skeletal bone density in postmenopausal women [14] . This is supported by a previous study, in which it was verified that there is a correlation between mandibular bone density and bone density of the lumbar spine and femur in postmenopausal women [15] . Research has shown that bone resorption in other parts of the body is similar to that in alveolar bone, but the relationship between menopause duration and bone resorption remains unclear.
Postmenopausal women with high BMD find it easier to maintain teeth compared to women with low bone density or osteoporosis [16] . However, some studies suggest that attachment loss is associated with tooth loss but not with bone density; however, this research is still questionable, based on the findings of previous research, and sparks debate. Several studies have shown a possible link between jawbone density and density across the bone [17, 18] .
The relationship between duration of menopause, dry mouth, BMI, and age were used as parameters for identifying risk factors for postmenopausal osteoporosis [19] . Mandibular periapical radiographs are used to evaluate the level of alveolar resorption. It is very important for the dentist to know the amount of bone resorption in performing denture treatment so that denture treatment can last a long time in the mouth when used to function [20] .
The purpose of this study was to analyze the relationship between age, BMI, BMD, and duration of menopause to alveolar bone resorption in postmenopausal women.
Material and Methods

Study Design
This cross-sectional study included 59 postmenopausal women aged 45-80 years. Patients were excluded if they had a history of bone disease, metabolic or endocrine disorders such as hyperthyroidism and hyperparathyroidism, diabetes mellitus, kidney and liver diseases, or medications known to affect bone metabolism (e.g., corticosteroids, anticonvulsants, and sodium heparin).
Subjects were determined by consecutive sampling technique. Those meeting the criteria underwent oral examination and were interviewed using a validated questionnaire, which contained demographic information including past and present medical history. BMI measurement was the results of the calculation of the ratio of body weight and height through the formula body weight / height 2 (kg/m 2 ), and menopause duration was estimated using a questionnaire. In this study, a woman was considered postmenopausal if she had not menstruated for 1 year, and duration of menopause was assessed via subject interviews.
Bone loss seen on radiography was measured by drawing a vertical line from the cementoenamel (CEJ) in the distal part of the 36 teeth and the mesial portion of 46 teeth to the base of the bone marked by the lamina dura intact, and the distance calculated (in mm) relative to the alveolar bone peak using the caliper. BMD evaluation and density on periapical radiography, including region of interest (ROI) of the mandibular cortex, was assessed using 5× magnification.
ROI is a square made of mesial and distal interdental from 36 and 46 teeth about 1 mm from the alveolar peak and then forms a square of ± 3 mm 2 . Measurements were made based on the results of the modified Taguchi method, where in Grade 1, trabeculation is not visible; Grade 2, trabeculated bone looks thin and only amounts to a small change; Grade 3, trabeculation looks like normal bone; Grade 4, thick trabeculation almost blankets the bone marrow; and Grade 5, trabeculation solid, bone trabeculae dense [21] .
Data Analysis
Descriptive statistics were calculated and tested for normality using the Shapiro-Wilk test for distribution. Categorical determinations of age, BMI, BMD, and alveolar bone resorption were based on receiver operating characteristic (ROC) curves. The subjects' ages, BMI, BMD, and alveolar bone resorption were calculated using Pearson correlation and Spearman correlation tests. A p-value <0.05 was considered significant.
Ethical Aspects
Patients gave their informed consent prior to participating in the study, and the research was approved by the ethics committee of the Faculty of Dentistry, Universitas Indonesia. Table 1 shows that subjects with duration of menopause >5 years had a higher mean age Data analysis using Pearson correlation test indicated that age (r = 0.16) and BMI (r = 0.18)
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were positively correlated with alveolar bone resorption, but BMD (r = -0.32) was negatively correlated. There was no significant correlation between alveolar bone resorption and age (p = 0.49), BMI (p = 0.44), or BMD (p = 0.18) in subjects with duration of menopause ≤5 years (Table 3) . Based on Pearson correlation test, there was no significant correlation between age and bone resorption (p = 0.38) in subjects with a duration of menopause >5 years. A Spearman correlation test revealed that BMI (r = -0.12) and BMD (r = -0.01) had no significant correlation with alveolar bone resorption in subjects with a duration of menopause >5 years (Table 4) . 
Discussion
After a tooth extraction, the alveolar bone is resorbed, leading to deformation and diminished alveolar bone size. Changes in alveolar bone shape not only on the surface of the alveolar bone in a vertical direction but also in a labiolingual/palatal direction from the initial position cause the alveolar bone to be low, rounded, or flat. Residual ridge resorption is influenced by different etiological factors in each individual [19, 21] .
In this study, the minimum age of subjects was 48 years with a maximum of 77 years.
Increased bone loss occurred with age, especially in the elderly. This study divides the duration of menopause into 2 groups, i.e., ≤5 years and >5 years [12] .
Duration of menopause is considered to be a more important factor for osteoporosis compared with age at menopause [3, 4] . The majority of subjects in the group with menopause duration ≤5 years had an average age of 54.37 ± 4.17 years, which was in accord with previous study showing that the mean menopausal age was 51.3 years [4, 18] . Based on the age-cutting value of the ROC curve, the majority of subjects were aged >54.50 years (Table 2) , which agrees with the study of postmenopausal women and dividing the subject's ages to <50 and >50 years [4, 22] . It has been demonstrated that menopause and age >50 years is a risk factor for the occurrence of osteopenia and osteoporosis [6, 21] . According to previous studies, the age distribution of menopause ranges from 40 years to 54 years and generally clusters at the age of 45 to 55 years [23] .
Subjects with duration of menopause ≤5 years and >5 years had a mean BMI >25 kg/m 2 , thus all subjects in the present study were considered overweight (Table 1 ). In agreement with the ROC curve, the cutoff value dividing the BMI of subjects weighing ≤24.5 kg/m 2 and >24.5 kg/m 2 , the majority of subjects have a BMI >24.5 kg/m 2 , which means that the majority of subjects were overweight (Table 2) . Currently, the mechanism of obesity with bone density is still unclear. This is thought to be because adipose tissue releases many adipokines that play a role in bone remodeling through the effects of bone formation and resorption. Bone also acts as an endocrine organ and affects the balance of glucose and body weight through the action of bone derivative factors such as osteoclast and osteopontin [24] .
Postmenopausal obesity is associated with genetic and environmental factors and is exacerbated by lifestyle patterns that play an important role in increasing BMI and waist size [7, 25] .
Weight gain slows down after age 60 years. Major changes in fat distribution and function occur throughout life. Fat tissue and connective tissue increase with aging, but muscle tissue and body water content decrease. In the elderly, the body will be shorter than normal and there will be adverse changes in bone, cartilage, and muscle [8, 23] .
The majority of subjects with a duration of menopause >5 years had a BMD ≤73.89, while the majority of subjects with duration ≤5 years had BMD >73.89, which could indicate that those with a longer duration of menopause have lower BMD (Table 2) . Age is strongly associated with BMD in women compared with men, but bone size is related more to male than female BMD [26] . A previous study categorized the duration of menopause into 3 groups of 0-3 years, 4-7 years and >7
years, showing that women with menopause duration >7 years had the highest risk of osteoporosis due to bone loss associated with estrogen deficiency [21] .
Subjects with duration of menopause ≤5 years had higher BMD compared to those with duration >5 years ( Table 2) , probably because the majority of subjects were overweight, where increased BMI or weight was significantly associated with bone acceleration in both women and men and low body weight was associated with low BMD [27] .
The majority of subjects with duration of menopause >5 years had bone resorption >2.95 mm, thus it can be interpreted that longer menopause duration causes greater bone resorption (Table   2 ). Osteoporosis can occur in the mandible and may play an important role in residual ridge resorption [15] . Mandibles, like other body bones, have anatomic patterns that may serve as indicators in radiographs [28] . In this study, the mental foramen as seen on panoramic radiograph is recommended as a benchmark for measuring the magnitude of alveolar bone loss. Similar results were also used because the foramen position against the inferior mandibular border is relatively unchanged despite increasing age or occurrence of alveolar bone resorption above the foramen [25] .
Some researchers claim that age affects bone resorption and bone density. Bone mass decreases in the elderly so that it will induce bone resorption [29] , but the present study does not show a significant correlation between age and alveolar bone resorption (p>0.05) in subjects with duration of menopause ≤5 years and >5 years.
Previous research has shown that obese women have higher bone mass after menopause compared to women of the same age with normal weight, especially in the bones of the lumbar vertebrae and femoral columns. In contrast, obese postmenopausal women with high adipose mass can also have low BMD and vertebral fractures [28, 30] . Some authors have claimed that loss of bone mass could occur in postmenopausal women at a bone weight of 0.5%-1% per year [4] . The present study shows no significant correlation between BMI and alveolar bone resorption (p>0.05) in subjects with duration of menopause ≤5 years and >5 years (Tables 3 and 4 ). Pregnancy and restrictions of women in their social environment cause more women to stay at home, and seldom participating in activities outside the home encourages overweight [31] .
In this study, BMD negatively correlated with alveolar bone resorption, which means the higher the bone density, the lower the bone resorption. Moreover, this shows that BMD did not significantly correlate with alveolar bone resorption in subjects with duration of menopause ≤5 years and >5 years (Tables 3 and 4) , which is in line with previous study, which showed that there is no relationship between BMD and mandibular alveolar bone resorption in postmenopausal women [15, 28] and this is supported by previous findings that showed that bone resorption does not increase as BMD decreases [18] . The possibility of bone density in postmenopausal women is due to many factors, not only because of estrogen levels from the ovaries but also because of estrogen from outside the ovaries such as from fat and the adrenal gland as well as from phytoestrogen foods such as tempeh and tofu, which can maintain and increase BMD after menopause [15] .
Postmenopausal alveolar bone changes strongly correlate with BMD so that this relationship can be foundational in assisting the diagnosis of osteoporosis patients [32] . BMD changes are substantial at the end of perimenopause and continue to decline rapidly during the early postmenopausal period [29] . This assessment of BMD is important because determining when bone mass reaches a critical level is valuable in helping clinicians determine the right time to check postmenopausal osteoporosis [11, 29] .
Conclusion
Age, BMI, and BMD are risk factors for osteoporosis in postmenopausal women. Although there was no relationship between these 3 risk factors and alveolar bone resorption in this study, there was a tendency for a longer duration of menopause to be associated with higher age, BMI, and bone resorption but lower BMD.
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